Gravity waves (GWs) play an important role in atmospheric 4 dynamics. Due to their short wavelengths they must be parameterized in cur-5 rent weather and forecast models, that cannot resolve them explicitly. We 
Introduction
Internal gravity waves (GWs) are of great importance for atmospheric and oceanic ( 1) where Ω T is the Earth's rotation rate. Diurnal, semi-diurnal and ter-diurnal STs, respec-137 tively, correspond to oscillations with (24h, 12h, 8h) period, are denoted by n = (1, 2, 3).
138
Eastward propagation correspond to a negative zonal wavenumber s, respectively west- 
151
The model is forced by the monthly-mean daily cycle of the heating rates Q, again 152 obtained from the HAMMONIA data. In contrast to Ribstein et al. [2015] , both the 153 diurnal Q(n = 1) and semi-diurnal Q(n = 2) components will be used here. In Ribstein 154 et al. [2015] , the GW impact has only been accounted for through (latitude-altitude and 
In the present study, the GW momentum-flux and buoyancy-flux convergences, together 160 representing a GW forcing F GW , are used directly to force the tidal model, so that its 161 prognostic equations are
As Ribstein et al. [2015] only used diurnal heating rates Q(n = 1), their linear model 163 only resulted in diurnal STs as well, as seen from Eq. (2). In the present study, because
164
F GW is not constrained to be purely diurnal and regardless the climatological forcing used,
165
solving Eq. (3) results in diurnal and non-diurnal STs. When only diurnal heating rates 166 Q(n = 1) is used, the later therefore gives a measure of the GW influence on STs.
167
Our linear tidal model has a spectral truncation at T 14 and uses 67 vertical levels. Eq.
168
(3) is integrated by use of a fourth order scheme with a fixed time step of ∆t = 120s.
169
Together with the ray tracer, the model is integrated in total over 25 days, with heating
170
Q increasing gradually during the first day. The last 5 days are used for a determination 171 of the semidiurnal and diurnal STs by Fourier analysis. 
GW model
The WKB ansatz underlying the ray-tracer model consists in describing a GW by a 173 slowly varying amplitude, absolute frequency ω, and wavenumber vector k = ke λ + le θ + 174 me r , where e λ , e θ and e r denote the usual longitudinal, meridional and vertical unit 175 vectors. 
where d t = ∂ t + c g ∇ x is the time derivative along a ray, and c g = ∇ k Ω = c gλ e λ + c gθ e θ +
184
c gz e r denotes the absolute group velocity. Here ∇ x (∇ k ) denotes the spatial (wavenumber) 185 gradient.
186
The geometric position x and the wavenumber vector k evolve during the propagation.
187
Projecting Eqs. (5) and (6) Eqs. (5) and (6) along each ray path, where each ray is integrated forward separately.
190
During the propagation, we do not allow rays to cross the poles.
191
In standard GW parameterizations, the horizontal wavenumber evolution due to 192 background-flow horizontal gradients is neglected, as is the horizontal ray propaga-
193
tion. Under an approximation closer to conventional GW parameterizations, labeled here
194
"single-column", we impose
The curvature terms due to the spherical geometry have also been ignored in such an 199 In the absence of forcing and dissipation, the amplitude of a locally monochromatic
200
GW is controlled by the conservation relation
for the wave-action density A(x, t), defined as the ratio between the energy E per unit of 
207
In order to avoid these numerical instabilities we follow the procedure suggested by
208
Muraschko et al. [2015] and expand the wave-action density in wave-number space by
using a so called phase-space wave-action density N (x, k, t) that is conserved along the 210 rays, i.e. it satisfies
The initial distribution, advected conservatively along the different rays, gives the dis- a static-stability criterion on the phase-space wave-action density N is used to mimic
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nonlinear wave-breaking (no dissipation if N < N Sat , otherwise N is reduced to N Sat ).
233
Comparisons with large-eddy simulations of breaking GWs, to be published elsewhere,
234
show that this heuristic method is a useful approach for such purposes. simulations, but not in the single-column approximation, leads to notable modifications.
320
In addition, Fig. 3 presents the zonal momentum-flux convergence f x for the "full" 
